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[57] ABSTRACT 

A dimming circuit provides power from an ac source to 
a compact fluorescent lamp. The circuit generally in- 
cludes a resonant circuit driven by a high-frequency 
switching inverter. The resonant circuit is essentially an 
ac current source and provides sinusoidal current to the 
lamp, which loads the resonant circuit ii> parallel. A 
small amount of dc current is simutancously provided to 
the lamp. The resultant asymmetric current waveform 
flowing through the lamp substantially eliminates stria- 
tion over a dimming range from about 100% to 1% of 
full light output. 

23 Claims, 3 Drawing Sheets 
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1 2 

U.S. Pat. No, 4,001,637, issued Jan. 4, 1977, to Gray, 
CIRCUIT FOR DIMMING GAS DISCHARGE discloses a gas discharge lamp dimming circuit that is 

LAMPS WITHOUT INTRODUCING SITUATIONS capable of operating lamps at dimming levels below 

50% of full light output. Low dimming levels are at- 
BACKGROUND OF THE INVENTION 5 tained by providing uninterrupted filtered dc current to 
i c i j f*u t *• the lamp. The circuit includes a capacitive ballast, a full 

n^"lT m H imm ;n„ ™ h^w*. w *ve "ctifier, and an output filter. Ac current flows 
This invention pertams to dimming gas discharge controlled source through the capacitive 

lamps and, more particularly, to dimming compact fluo- ^ £ a dc ^ 

rescent lamps. 10 provided by the full-wave rectifier to an LC low pass 

2. Description o the Related Art P ^ to ^ , e i ectrodes . However, dc 

A gas discharge lamp converts electrical energy into t ^ tQ ^ ^ Qadm meven Ulumi . 

visible energy with high efficiency. A gas discharge ^ f fa , ^ reductj()n jn 

lamp is generally an elongated gas-filled (usually low useful ] &m \\{ e 

pressure mercury vapor) tube having electrodes at each AnQde o P scillati0ns can be tJy reduced by operat . 

end. Each electrode is tadfini. resistive filament m , frequencies much higher than the funda- 

(usually tungsten) coated with a thermiomcally emis- ^ fre P y 4 of the ^ oscillation. U.S. Pat. No. 

sive material, such as a mixture of alkaline earth oxides. 4(207[498( issucd June 10> im t0 Spira et alt disc i oses 

The steady-state operation of a gas discharge lamp is & dimmi ^ ^ incJudes ft centra , inverter fof 

as follows: Voltage is applied across the resistive fila- 20 idin a 23 kHz ^ current through the lamp . The 

ments, heating the electrodes to a temperature sufficient la can 

to cause thermionic emission of electrons into the dis- bg diffimed Qvcr fl frQm 10Q% t0 l% of ful] 

charge tube A voltage applied between the electrodes H h( t b adjusting the amplitude of the inverter 

accelerates the electrons toward the anode. En route to out t The ^ of hi g h . fr e q ucncy ac current also may 

the anode, the electrons collide with gas atoms to pro- 25 incrcase thc cfficacy of the j by M much as 20%> 

duce positive ions and additional electrons, forming in A , j QW flt lcvcJs Qess than about 30% of fu]1 Hght 

the tube a gas plasma of positive and negative charge out t)> howcvcrf thc [amp tcnds t0 "striate"; i.e., to 

earners. The electrons continue to stream toward the break imo dteniatiag bands:0f bright ^ dim area s 

anode and the positive ions toward the cathode, sustain- ^ the j th of the tube _ Thc mecha nisms that cause 

ing an electric discharge in the tube and further heating -, 0 st riation are not completely understood, but it is be- 

the electrodes. (If the applied power is ac, the elec- ]ieved to result frora high-frequency currents reinforc- 

trodes reverse polarity during each half cycle.) mg a standing ^ve of varying charge distribution be- 

The discharge causes the emission of radiation having tween the lamp electrodes. For reasons that are not 

a wavelength dependent upon thc particular fill gas and clear> small-diameter lamps and lamps with sharp bends 

the electrical parameters of the discharge. Because each 35 (typica ] characteristics of compact fluorescent lamps) 

collision produces additional electrons and ions, in- ^ more ifcely to striate, 
creases in the arc current cause the impedance of the 

lamp to decrease, a characteristic known as "negative SUMMARY OF THE INVENTION 
resistance." Operation of the lamp is inherently unsta- The present invention provides a dimming circuit for 
ble, due to this negative resistance characteristic, and 40 comp act fluorescent lamps which greatly reduces stria- 
current between the electrodes must be limited to avoid tion while maintaining a flicker-free dimming range 
damaging the lamp. f rom j^t \qq% to 1% of full light output. The dim- 
Dimming of gas discharge lamps is well known. A m j ng circuit generally provides 27 kHz sinusoidal cur- 
circuit for dimming a fluorescent gas discharge lamp is ren t to the lamp electrodes to initiate and maintain an ; 
disclosed in U.S. Pat No. 3,927,345, issued Dec. 16, 45 electric discharge through the lamp and,: simulta- 
1975, to Licata et aL, incorporated herein by reference.. neously, provides a small amount of substantially non- 
A fluorescent lamp is a gas discharge lamp in which the pulsating dc current to the electrodes to produce an 
inner surface of the tube is coated with a fluorescent asymmetric current waveform through the lamp. The . 
phosphor. The phosphor is excited by ultraviolet radia- asymmetric current flow greatly reduces visible stria- 
tion from the electric discharge and fluoresces, provid-. 50 tions in the lamp. We believe that the asymmetry alters 
ing visible light; Licata discloses a phase control dim- the charge distribution in the tube to prevent formation 
ming circuit which provides phase controlled voltage of a standing wave between the lamp electrodes. Al- 
from a 60 Hz ac source to a fluorescent lamp in series though a wave-like variation in charge distribution can 
with an inductive ballast The dimming circuit employs be measured along the discharge tube, it is not a stand- 
a bi-directional triode-type thyristor (triac) as the main 55 ing wave; it moves with a velocity that is determined by 
switching , device and includes a dc compensation cir- the magnitude of the dc component of current flow 
cuit to ensure symmetrical triac firing delays in each through the lamp. Visible striations are eliminated by 
half cycle of power flow from the ac source. There is no providing to the lamps a dc current, that causes the 
current through the lamp during the triac firing delay.. bright and dim bands, produced by the wave-like 
Symmetrically firing the triac prevents an excessive 60 charge distribution, to move rapidly, so they become 
amount of dc current from flowing through the lamp, imperceptible. Too much dc current, however, causes 
which can cause lamp flickering and saturation of the anode oscillations. A suitable amount of dc current is 
inductive ballast. The circuit operates over a dimming selected by compromising between the effects of stria- 
range from about 100% to 50% of full light output tions and anode oscillations. It has been found experi- 
Below about 50% light, output, the electric discharge 65 mentally that a dc current of about 0.04 to 1.4 mA-satis- 
cannot be sustained, because the triac firing delay is factorily achieves this compromise for a typical corn- 
longer than the recombination time of the gas plasma in pact fluorescent lamp. Generally,, the optimum dc cur- 
the discharge tube.. rent increases over the dimming range between mini- 
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mum and mid range power. At higher powers, the pre- 
cise value of dc current is less critical. The ratio of dc 
current in the low-to-mid range is preferably about 1:2. 
Thus, preferred dc currents are about 0.04 to 0.7 mA 
and about 0. 1 to 1.4 mA at minimum and half-maximum 
lamp powers, respectively. 

According to the present invention, a control system 
for providing electrical power from a source to a gas 
discharge lamp comprises: 



maximized. As applied to ac waveforms, the term "sym- 
metrical" is understood to mean that the positive por- 
tion of the waveform is substantially identical in shape 
and magnitude to the corresponding negative portion of 
the waveform. 

The current from resonant circuit 13 is provided to 
lamp 5 to strike and maintain a stable electric discharge 
over a range of selectable power levels. Simultaneously, 
back-end rectifier 15 rectifies a predetermined amount 



(a) means for providing symmetrica] ac current to the 10 of current from resonant circuit 13 and provides it to 



electrodes of said lamp to strike and maintain an 
electric discharge therethrough; and 
(b) means for simultaneously providing dc current to 
said lamp electrodes; 
whereby an asymmetric current waveform is estab- 
lished in the lamp, substantially eliminating the occur- 
rence of visible striations. 

In another embodiment of the present invention, a 
control system for providing electrical power from a 



lamp 5, adding to the current flow therethrough a dc 
component selected to minimize striations and anode 
oscillations. 

FIG. 2A shows the ac component of current flow 
through a compact fluorescent lamp according to the 
present invention. The half-period r is determined by 
the frequency of the sinusoidal current and is preferably 
shorter than the recombination time of the gas plasma 
(—100 /as) in order to sustain the electric discharge 



source to a pair of gas discharge lamps connected in 20 without flicker. The RMS value of ac current to the 
series comprises: lamp substantially determines the power and, therefore, 

(a) means for providing symmetrical ac current to the the brightness of the lamp and is preferably adjustable 
electrodes of said lamps to strike and maintain an from about 1 to 200 mA. 

electric discharge therethrough; and FIG. 2B shows the dc component of current flow 

(b) means for simultaneously providing dc current to 25 through the lamp. For illustrative purposes, the magni- 



tude of the dc component is exaggerated with respect to 
the ac component. As a practical matter, at full lamp 
power, the dc component may range from about 0.02 to 
0.35% of the ac component; at minimum lamp power, a 
30 dc component of about 5% to 50% of the resultant 
current is preferred. 

FIG. 2C shows the total current waveform that flows 
through the lamp. The dc component offsets the ac 
component from the zero current level, causing a 
through a compact fluorescent lamp according to the 35 slightly asymmetric resultant current waveform that 



said lamp electrodes; 
whereby an asymmetric current waveform is estab- 
lished in the lamps, substantially eliminating the occur- 
rence of visible striations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a dimming circuit of the 
present invention. 
FIGS. 2A, 2B, and 2C are graphs of current flow 



substantially reduces lamp striations. 

FIG. 3 is a circuit schematic of the dimming circuit of 
the present invention. The circuit operates as follows: 
ac voltage is provided from a power source across hot 
40 (H) to neutral (N). Diodes Dl and D2, resistor Rl, 
capacitors CI and C2, and zener diode Zl comprise a 
low voltage dc power supply. During each positive 
voltage half-cycle, current flows from hot through 
capacitors CI and C2 f and diode D2 to neutral, charg- 
ing capacitor C2 plus(+) to minus(— ), as shown. Resis- 
tor Rl and zener diode Zl regulate the voltage on ca- 
pacitor C2 so that the power supply is essentially a dc 
voltage source having a dc supply voltage equal to the 
breakover voltage of zener diode Zl and an internal 



present invention. 

FIG. 3 is a circuit schematic of a dimming circuit of 
the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

FIG. 1 shows a block diagram of the dimming circuit 
of the present invention. The dimming circuit 1, en- 
closed in the dashed lines, provides a variable amount of 
power from sinusoidal power source 3 to a gas dis- 
charge lamp 5. The dimming circuit generally includes 
a front-end rectifier 7 to convert a (typically) 60 Hz ac 
voltage from power source 3 into a dc voltage provided 
to switching inverter 9. Switching inverter 9 converts 

the dc voltage into a high-frequency ac voltage consist- 50 resistance essentially equal to Rl. Diode Dl provides a 



45 



ing of alternately inverted and non-inverted rectangular 
pulses of voltage having variable duration. Pulse dura- 
tion modulation (PDM) circuit 11 provides a modulat- 
ing voltage waveform to switching inverter 9 to control 
the duration of each pulse. 

The high-frequency ac voltage from switching in- 
verter 9 drives resonant circuit 13 so that it resonates 
substantially sinusoidally, with an amplitude deter- 
mined by the amplitude and frequency of the driving 



discharge path for capacitor CI during each negative 
voltage half-cycle. 

Full-wave-bridge FWB rectifies ac voltage from the 
power source and provides pulsating dc voltage across 
55 the output terminals (+) and (— ). Pulsating dc is fil- 
tered by capacitor C3. which is connected across the 
output terminals of the full-wave-bridge. Resistor R2 is 
connected in parallel with C3 and bleeds charge from it 
when power is removed. For purposes of this specifica- 



voltage and the magnification factor Q of the resonant 60 tion and the appended claims, when referring to electri- 



circuit. The resonant circuit is essentially a symmetrical 
high-frequency sinusoidal current source with a vari- 
able amplitude determined by the pulse duration of the 
driving voltage from switching inverter 9. In this speci- 
fication and the appended claims, a resonant circuit is 65 
understood to have a single fundamental mode of reso- 
nance. The term "peak response frequency" refers to 
the frequency at which this fundamental resonance is 



cal elements, the term "connected" means that there 
exists between two or more elements a conductive path, 
which may include additional elements not explicitly 
recited. 

Diodes D3, D4, D5, and D6, MOSFETS Ql and 02, 
resistors R3 and R4, transformer Tl, and capacitor C4 
comprise a switching inverter for switching and invert- 
ing filtered dc voltage into a high frequency ac driving 
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voltage. During operation, capacitor C4 charges up to magnification factor Q of the resonant circuit and, 
approximately half of the voltage across capacitor C3. thereby, boosting its resonant response. The resonant 
When Ql is conductive, a driving voltage is applied circuit essentially behaves like an ac current source and 
across the primary winding P of transformer T2 that is provides high-frequency sinusoidal current through 
positive and equal to the voltage across C3 less the 5 transformer T3 to lamps FL l and FL2. The magnitude 
voltage across C4 (approximafely half the . voltage of the current is variable from about I to 200 mA RMS, 
across C3). When Q2 is conductive, the driving voltage depending upon the pulse duration of the driving volt- 
is inverted and equal to the voltage across C4. When Ql age, and is sufficient to strike and maintain an electric 
and Q2 are alternately switched at a high frequency . discharge in the lamps. 

(-27 kHz), rectangular pulses of ac driving voltage are 10 To further increase the stability of the resonant cir- 

produced having a peak-to-peak voltage substantially cuit, the frequency of the driving voltage { - 27 kHz) is 

equal to the voltage across capacitor C3. less than the peak response frequency of the resonant 

The driving frequency is preferably between 20 kHz circuit (~33 kHz). Alternatively, damping could be 

and 50 kHz and is determined by the ac control voltage added to the resonant circuit, reducing the magnifica- 

from the PDM circuit, discussed below. Frequencies 15 tion factor Q; however, this would reduce its efficiency 

below 20 kHz are in the human audible range and are and generate unwanted heat. 

therefore undesirable. High frequencies (above 50 kHz) Capacitor C6, resistors R5 and R6, and diode D7 
are undesirable because they tend to cause high thermal form a back end rectifier circuit for providing dc cur- 
dissipation in MOSFETS Ql and Q2 and they lower the rent through lamps FL1 and FL2 in series. Capacitor 
capacitive impedance of the fixture wires to ground. 20 C6, connected between secondary windings SI and S2 

Resistors R3 and R4 damp oscillations which may of transformer T3, is selected to pass substantially all 

otherwise occur due to the leakage inductance of sec- high-frequency sinusoidal current from the resonant 

ondary windings SI and S2 of transformer Tl and gate circuit to lamps FLI and FL2-. Resistor R6 allows dc 

capacitance of MOSFETS Ql and Q2. Diodes D3 and current to flow through diode D7, providing a dc offset 

D4 block reverse current from flowing through MOS- 25 to capacitor C6 so that the sinusoidal current through 

FETS Ql and Q2, respectively. Diodes DS and D6 C6 and lamps FLI and FL2 receives a dc component of 

provide a commutation path for current flowing current, as determined by resistor R6. Resistor R5 is 

through Q2 and Ql, respectively. essentially a bleeder to discharge capacitor C6 when 

Ql and Q2 could be any type of semiconductor ' power is removed. Resistor R5 also limits the amount of 
switch, such as FETS or bipolar transistors; however, 30 dc offset on capacitor C6 when the impedance of the 
MOSFETS, as shown, are preferred because of their lamps increases (at low power levels), 
fast switching ability and their relatively low gate cur- Earth ground is referenced between secondary wind- 
rent requirements. Alternatively, the switching inverter ings SI and S2 of transformer T3. The relative sizes of 
may be replaced with a less-expensive semiconductor the secondary windings are selected to provide suffi- 
dc frequency converter, which converts a non-pulsat- 35 cient voltage with respect to ground to strike lamps 
ing dc voltage into a high-frequency pulsating dc volt-; FLI and pL2 through the capacitance to ground of 
age. An inverting type of oscillating circuit, which each lamp. They are also selected to balance the ground 
converts dc to ac, is preferred, however, since it pro- currents through each lamp so that the high, frequency 
vides reduced peak magnetic flux in the core of the sinusoidal current energizes the lamps equally. In this 
power-carrying transformers for the same amount of 40 particular circuit, a compromise is necessary to achieve 
transformed energy. sufficient striking voltage and, thus, the ground current 

Pulse duration modulation circuit PDM receives through lamp FLI is slightly larger than that through 
voltage (+Vpc) from the dc power supply and pro- FL2. To correct for this imbalance, capacitor C7. is 
vides an ac control voltage across the primary winding provided in shunt with lamp FLI to provide compen- 
P of transformer Tl to control the conductivity of 45 sating current, to lamp FL2. Capacitor C9 prevents 
MOSFETS Ql and Q2 and, accordingly, the duration high-frequency switching noise , from MOSFETS Ql 
of each rectangular pulse of driving voltage. Secondary and Q2 in the switching inverter from adversely affect- 
windings SI and S2 of transformer Tl are arranged so ing the light output of lamps FLI and FL2. 
that voltage is applied to the gates of MOSFETS Ql Secondary windings SI, S2, and S3 of transformer T2 
and Q2 in opposite polarities so that only one device 50 provide voltage to the filaments of lamps FLI and FL2 
may be conductive at any given. time. Pulse-duration-: to heat them. Primary winding P of transformer T2 
modulated driving voltage is provided across primary P receives pulse-duration-modulated voltage from the 
of transformer T2 and across the resonant circuit con- switching inverter circuit including MOSFETS Ql and 
sisting of inductor LI and capacitor C5 connected in Q2. In addition, after Ql is turned off and before Q2 is ■ 
series. The resonant circuit rings substantially sinusoi- 55 turned on, current through Ql and inductor LI commu- 
dally at the driving frequency with an amplitude deter- tates through diode D6, turning it on.. This provides 
mined by the pulse duration of the driving voltage and. across primary winding P of transformer T2 an addi- 
the magnification factor Q of the resonant circuit- The tional pulse of voltage, having an amplitude equal to the 
magnification factor Q, in this case, is determined pri-« voltage across capacitor C4. Once the voltage across 
marily by the impedance of lamps FLI and FL2, which : 60 capacitor CS reaches its peak, current reverses through 
load the resonant circuit in parallel. inductor LI, and capacitor CS discharges, turning diode 

Loading the resonant circuit in parallel tends to stabi-: D5 on. This provides across primary winding P a sec- 

lize operation of the gas discharge lamps. In particular, ond. pulse of voltage, having an amplitude equal and 

as current through the lamps increases, lamp impedance opposite to that of the first pulse. The two additional 

decreases, decreasing the magnification factor Q of the 65 voltage pulses substantially occupy the period of time 

resonant circuit and, thereby, reducing its resonant after Ql is turned off and before Q2 is turned on. The 

response. Conversely, as the current through the lamps circuit behaves similarly during the period after Q2 is 

decreases, lamp impedance, increases, increasing the turned off and before Ql is turned on. The resultant 
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high-frequency voltage across primary winding P has 
an RMS value that is substantially constant throughout 
the dimming range of the lamps. Thus, secondary wind- 
ings SI, S2, and S3 also provide constant RMS voltage 
to heat the filaments of lamps FLl and FL2 throughout 
the dimming ra*nge. 

Although the present invention is described for use 
with compact fluorescent lamps, the circuit herein de- 
scribed may be used to control any type of gas dis- 



providing means comprises a capacitor electrically con- 
nected between said secondary windings and a first 
resistor and a diode connected in series across one of 
said secondary windings. 

12. The control system of claim 11 wherein said dc 
current providing means further comprises a second 
resistor connected in parallel with said capacitor. 

13. A control system for providing electrical power 
from a source to a pair of gas discharge lamps con* 



charge lamp. Since certain changes may be made in the 10 nected in series, comprising: 



above described circuit without departing from the 
scope of the invention herein involved, it is intended 
that all matter contained in the above description or 
shown in the accompanying drawings shall be inter- 
preted in an illustrative and not a limiting sense. 
We claim 

1. A control system for providing electrical power 
from a source to a gas discharge lamp, comprising: 
(a) means for providing symmetrical ac current to the 



(a) means for providing symmetrical ac current to the 
electrodes of said lamps to strike and maintain an 
electric discharge therethrough; and 

(b) means for simultaneously providing dc current to 
15 said lamp electrodes; 

whereby an asymmetric current waveform is estab- 
lished in the lamps, substantially eliminating the occur- 
rence of visible striations. 
14. The control system of claim 13 wherein said ac 



electrodes of said lamp to strike and maintain an 20 current providing means comprises a resonant circuit 



electric discharge therethrough; and 
(b) means for simultaneously providing dc current to 

said lamp electrodes; 
whereby an asymmetric current waveform is estab- 
lished in the lamp, substantially eliminating the occur* 
rence of visible striations. 

2. The control system of claim 1 wherein said ac 
current providing means comprises a resonant circuit 
including an inductor and a capacitor connected in 
series. 

3. The control system of claim 2 wherein said ac 
current providing means further comprises a switching 
inverter, including at least one semiconductor switch, 
to drive said resonant circuit. 



including an inductor and a capacitor connected in 
series. 

15. The control system of claim 14 wherein said ac 
current providing means further comprises a trans- 

25 former, having a primary winding and two secondary 
windings, connected between said resonant circuit and 
said lamp. 

16. The control system of claim 15 wherein said sec- 
ondary windings are connected in series with each 

30 other and said lamps, and the connecting point between 
said secondary windings is connected to earth ground. 

17. The control system of claim 16 wherein the rela- 
tive number of turns on each of said secondary windings 
is selected to provide substantially equal currents to 



4. The control system of claim 3 wherein said semi- 35 ground through each of said lamps. 



conductor switch comprises a MOSFET. 

5. The control system of claim 2 wherein said ac 
current providing means further comprises a trans- 
former connected between said resonant circuit and 
said lamp. 

6. The control system of claim 1 wherein said ac 
current is approximately between 20 kHz and 50 kHz. 

7. The control system of claim 1 wherein said dc 
current providing means comprises a dc current source 



connected in parallel with said ac current providing 45 means. 



18. The control system of claim 13 further comprising 
a capacitor connected in parallel with one of said lamps 
to provide substantially equal current flow to ground 
through each of said lamps. 
40 19. The control system of claim 13 wherein said ac 
current is approximately between 20 kHz and 50 kHz. 

20. The control system of claim 13 wherein said dc 
current providing means comprises a dc current source 
connected in parallel with said ac current providing 



means. 

8. The control -system of claim 1 wherein said dc 
current providing means comprises a rectifying circuit 
for rectifying a predetermined portion of said ac cur- 
rent. 

9. The control system of claim 1 wherein said dc 
current is between about 0.04 and 0.7 mA at minimum 
lamp power and between about 0. 1 and 1.4 mA at about 
half maximum lamp power. 



21. The control system of claim 13 wherein said dc 
current approximately comprises between 0.02% and 
0.35% of the resultant current through said lamps at 
maximum lamp power and approximately between 5% 

50 and 50% of the resultant current through said lamp at 
minimum lamp power. 

22. The control system of claim 13 wherein said ac 
current providing means comprises a transformer, in- 
cluding two secondary windings connected in series 



10. The control system of claim 1 wherein said dc 55 with each other and said lamps; and said dc current 



current approximately comprises between 0.02% and 
0.35% of the resultant current through said lamp at 
maximum lamp power and approximately between 5% 
and 50% of the resultant current through said lamp at 
minimum lamp power. 

11. The control system of claim 1 wherein said ac 
current providing means comprises a transformer, in- 
cluding two secondary windings connected in series 
with each other and said lamp; and said dc current 



providing means comprises a capacitor connected be- 
tween said secondary windings and a first resistor and a 
diode connected in series across one of said secondary 
windings. 

60 23. The control system of claim 22 wherein the rela- 
tive number of turns on each of said secondary windings 
is selected to provide substantially equal currents to 
ground through each of said lamps. 



65 
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[57] ABSTRACT 

A dimming circuit provides power from an ac source to a 
compact fluorescent lamp. The circuit generally includes a 
resonant circuit driven by a high-frequency switching 
inverter. The resonant circuit is essentially an ac current 
source and provides sinusoidal current to the lamp, which 
loads the resonant circuit in parallel. A small amount of dc 
current is simultaneously provided to the lamp. The resultant 
asymmetric current waveform flowing through the lamp 
substantially eliminates striation over a dimming range from 
about 100% to 1% of full light output. 
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REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, bat has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

Claims 10 and 21 are cancelled. 

Claims 1 and 13 are determined to be patentable as 
amended. 

Claims 2-9, 11, 12, 14-20, 22 and 23 dependent on an 
amended claim, are determined to be patentable. 

1. A control system for providing electrical power from a 
source to a gas discharge lamp, the gas discharge lamp 
having a lamp power variable between a maximum and a 
minimum, the control system comprising: 

a) means for providing symmetrical ac current to the 
electrodes of said lamp to strike and maintain an 
electric discharge therethrough; and 
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b) means for simultaneously providing dc current to said 
lamp electrodes; whereby an asymmetric current wave- 
form is established in the lamp, substantially eliminat- 
ing the occurrence of visible striatums, said dc current 
comprising approximately between 0,02% and 035% 
of the resultant current through said lamp at maximum 
lamp power and approximately between 5% and 50% 
of the resultant current through said lamp at min imum 
lamp power. 

13. A control system for providing electrical power from 
a source to a pair of gas discharge lamps connected in series, 
each of said discharge lamps having a lamp power variable 
between a maximum and a minimum, the control system 
comprising: 

a) means for providing symmetrical ac current to the 
electrodes of said lamps to strike and maintain an 
electric discharge therethrough; and 

b) means for simultaneously providing dc current to said 
lamp electrodes; whereby an asymmetric current wave- 
form is established in the lamps, substantially elimi- 
nating the occurrence of visible striations, said dc 
current comprising approximately between 0.02% and 
0.35% of the resultant current through said lamp at 
maximum lamp power and approximately between 5% 
and 50% of the resultant current through said lamp at 
minimum lamp power. 

* * # * * 



09/05/2002, EAST Version: 1.03.0002 



